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alt ,  feed 
42 . 6  no t r 6 7 . 1  
T L I I . 
o .  
Control 4 
e ut 
no w ter 
u ,  f 
ut 0 " t er 6 
lt to . e t  o oult v 
• RAI 
( g/L) 
rain Pl!!•I 
I l 
39 . 79 . 2 . 9g . 3 2 . 7 147 .4  5 .0  
44 . 6  71 . 2  94 .8 32.0 153 . 7  5 . 2  
25 . 3 · 11 . 3  90 . 3  30 . 6  150 . s  5 . 7 
75 . 1  88.4 125 . 3  34 . 1 · 19 .o  4 . 1  
I O  ( re nt ) 
u ale rain 
11 . 0 so. 7  
75 . 7  R0. 5  
76 . 7  80 . 
r .  0. 1 
■11  r to th t o  h ek . tud e 
w re eon uct on lt e e ntr tio in f 4 n v t r. CO d D to 
er T r ,  1� 6, condition occurri 1th tur 7 ar c i te , • 
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·• 
Salt , fe d 
and vater 
No . 
Experiment 
lt , feed. 
V t r 
•• 
,.
•• 
Ii 
, 1 I o , ooeln:l.�·!. 
O_ SODIUM .AND POTAS SIUM 
Muecle 
e. I 
Mill 
• ., 
'D 
I 
11!1 
T t 
I 
•beer l gout (w  ter_ b lly) , nd o th r .  The bove co d i tion .r 
ch ra_ ot rhe 
C V  t1 
nd et\ of 
y ubout n ou edem • ecu al t i on o flui d n rou 
1n ( 
lun ) t 
r ntly rou ht out b7 re sure on v te.l. or an 
and ud · en de th. 
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In the 
in oult . in 
-_ ring of 194 new di  w b l i ev d t o  ha.Te o ceurred 
t i  Y re ul t t o  b et r1 1 
ex 
b7 
wer 
n 
in tion . igl nd . 
feedin 4 ero nt 
1950, produced 
lt d i et . The 
7Jlll)t o of th di  e e 
to wh1 h w re ob rve4 
ei t , hy'dro-l)eri e  rdi , e e a of lun n i n t  t i n  1 wall , 
re . of t �let l u ele , c rdi o enlar e ent , uo eniti , 
udd n death wi th f w o r  no y ntom . 
In di  cu s ing renal in  uffi eieney C 1 1  n t t 
to e 
to exor 
lai n the 
iwn chlOri e 
ctiY1ty of o 
1 t  1 ret in  
1 otonie  
nt t ed 
nd 
for 
lt 
oi t--e • 
crl..-n. r ,  1 6 , ound t t lt t th  l er nt  1 v l in :teed 
41d  not ro uc  toxi e ro in · oult . owe• r • lt t th l er-
e nt le el in � t r  re ult ere nt ort Ut7 it n fb 
nt in 1 1  of the 1 t t  r oult • S lt e e te  ver e..-
luti on t th  
olu\ on went . nto  
e reent 1 . 1 i • ry toxic . Poult r c 1T n thi 
tu or  w thin 4g hour ; howeT r ,  
w re  not  •1  nt  t t e t e o en lt w t th 2 ere nt 
le• 1 1 t t e l of th oult on ri nt e o at r  t 
ill 
• 
-I ii • • 
., ii II 
• 
'ai a 
t· I C nad. .. I t  gave nega • 
imilar ' •• 
■ 
I A .Iii 
The � eo1 f1c  inability o f  t�e glomeruli 
or ,  more rob ly, their e ecific in bil1ty 
chloride  and other inorganic ub tanoe may 
oliguria o r  anuria of  the acute ■t  ge. Sod 
xcrete wat er 
ete sodium 
into the urine thro ugh the uite 1 �eifl o a 
the e itheli 1 eell1 ,  and when the1e fail, 
the ti t1 ue. inee the ti u ue fluids u t reD'le.in 
the e 111 ,  w i� reserTed to dilute thi conee 
olution nd oonse uence 1 e e , hy  ro thorax , -
I ii· 
e. ••• 
a me o� 
ed in 
I' 
'Y in 100 • • e dey1 , 
a and • • i 
I - ' II! ti! 
1! • 811 ttn eclt 
ath. - ii 
• ,. ,, ii. ■ .a, 
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con ition o f  ede 
lt in th f 
2 ere nt lev 1 
r te o n .  
I t  1 
tor. 
nd C te . J • •  1 46. concluded th t l 
w not tr ment l to �owth or vi b1lity , nd 
i r  incre d. ter oon tion decre d th 
r nt that odium 
cite r roduc 
n t lo level 1 
in :!)OUlt fro . odi 
the l t l 
co oun 
reent 
t the 
f .c-
d 
o oun ot er th n o 1 n eon ition of ed 
th rill ry i ve t t on houl b r ote to rd t 
an 
od i 
ci te oc ur 
int e 
o f  the 1rd. 
h con i t  on oecurrin r uen tly r ed cite . 
0 • 19 1,  
oult 
v re ff 
toxicit 
o rt • l 57, con ucted exp ri ent with �• ol 
lt  in th . oult iet ran 
lt 1 v l of 4 ere nt n 
ro 2 to 
bOT 
ere nt . 
-pto 
t lo er level ix to 1 t rce t alt 1 
oul.t 
of 
e u 4 100 re nt ort lity uri 
e 4 v t thi l v 1 o 
ount of t r. 
lt V 
1r 
1 
o th e eri n t .  
d 1rd · con umed 1 r • 
C :U 
hi  r 
le'Y 1 of lt 1t1on to d et r uir 
cit will v l"f with the t of di t 1 u e • 
on or th r t o of th toxic l v 1 wh ch h v 
r orte 7 T riou wor er • 
ll 
or 1 r to th t 0 er1Tn r, 1946 , w re orte tt r on, 
_! J. . • 1 6. t t oult c ul tol r t lt u to 2 re t 
1 - urif t- r iet. tc e l  er , l r orte the 
re ult tt 19 r l r, _! _!. • 1 51, 
f ... lou l T l 0 1 t t o . ree t 1 :vel or 
I 
.. 
• 
II 'l'h 
!i • ect e 
7 
:, !I) 
. 
• e ems 
'!P 1 one 
Ill • 
• 
b 
by 
r d 
, Iii 
• 
, . 
an 
• 
1 
I ' 
II 
.m II 
• 'l')i 
I 
'Iii 
Ill Ill& 
• 
t!I e 
I!: 
• 
� - -
■ 
.. - --
ng 
9 un 
t' 
the 
alata 
a 
.. 
lilt week 
l"I 
• 
• 
" 
'■ 
1i1 .. 
• 
t. 
., Iii 
Ii. 
. ,1 
■ 
• 
• 
• 
nd &t!  ■ 
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CT r ult· n on er l ort Ht - ro e1 t vl r l 
u 1 el t 1. t t •or l f C 0 
1 of lt i nn t th t 1 l 1-
t l d nt l to 
t in on , � _! . ,  19 4 . eon u. n r 4 t i t 0 l 
. o 2 .0 r i t 
th tur eon nt . i te OU 
0 ri e t .  1 t 
1n 1 • n t 
c,.n t ri l .  1 of 1 e th t C 
ro f t v· th 2 . _er en w r 
e t r n e1 t 01 tur cont nt th fro ir r -
cei•h. no alt . h � 1. t f rel'!o r nt r ly due to th 
o1 ttur , .  
orr • • l ,, . co uet •lt 2' r t .  w t o r  
ol UC b. \h l 0 of odiu 
chlor1. to th l"OY ntr1 eulu . • of 0 1 
lori n r how DO 1 1 1 f ct  ut 1 r  iv n f ur 
i th • tho r . Ti t r • 1 few 
hour . 
•• \ .,. 
• t. llfV' • 
wei ht. The leve 
• 1 •trtni 
.I ... • 
,..i:, !Ting O ,J'C,ll!llt 
• 
• a If 'J( f Ill ill .. •• illl ■!H & 
ii o:n■tr d • rf'a 
I � .. € a 1111 aY• •u er 
C .. .., V h 'D t'i 
er4?1!tl't. dr\ .. 1,  l el � • ti 
determined , .  o1.■ • ' ■n 1 o n  l h 1  
.,.. ,,. ... "'. 
, .. , � 11/ht1't 
t 
t 
d 
■• • • oil'btn 
OP 
• r• h 
t■ • 
ii 
• ., n11. GJ' 
dx ·••le Paid a 're . 
• •  tnJeol 'l Ii 
l!1' • • dlfli7 11 .. 
tt:rP9 d • ... ..,. 
II 
II h■ 
I 11.0Ui 
"'171 Y)lr 
1(! .. aa 
. , .. 
ii • 
9 
41:t • 
'l'h .,.- d P 't•rm � 
·• 
41 r■ I .. , • •11 
■Ir: n.  fN hers . and in-
• al 1 ,.,- . , duie 
an ■hovel! arcaese1 
• ' • • dgni fice.ntly 
I • 
• iw• • • l II • 
• . .., ' ' hi f 11, 
• ■It 1 4 ••r;ia • 
• • l ■1:1: 
'I .,: " • vu l ii 
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• = 
n l t ho C . " 
r n l e r1. ll t t  'r'T r. h 
onl n t two X r th nu. r of 
eh1 1 oh� nt. h oth r 0 1 io � n• 
1 17 t 
In th r t r nt 70 i a w r 11 41  tri ute in 
ch o t ll • t 117 
1 tr ut I h r _ft te  (or 
lt oluUon) J. l for th ebt c 
1 t .  '.f l I I I , w t in 110 · t rou of 
0 w t r t th 0'11 el 0 lt 0 . 0 ,  . • 
. 1 . 1 . 0 .  1 .  to rooki t r .  
y;-old chick 
Dq-old ,. • Ooiii 1 • L-e m le ••rP wi!!:l 11 !ed ei,;bed ., 
l ■tl 1"'1bu l • • t F lie •I! ll 'bnoi!!11 ! • 
7 '1mown "I"  :rt :11.ib11. .. , .. h• • t • t I ,,. ... llT � h 1  ... 'h 11!1 r1•• ' . • Ii • • • ••• 
U a  h.11 • • • 
ii ,, Ill dlJ'II 1 • •  'I • d! 
• t • ffll! • 1n • • - OIi. • •i'l■■'.111, �20 etit • llfaJ"e i:\1118 
14 Ii t ' •• or t �- Iii • 1 ' ,. 
,. ii w•N fftc!. Jb\,l'M • Tbe fQ • • _. 
d • fl • •• lU!I • ,, !!Ch 111' •ot .  1111 • • l' 
M, • r■i!•1l'Ye a •  -� ln.UU• • t DW!B.11' 1-H • 1 ■ft 0 
0 12 -ftd'I, A n&.• 
I l l . OHI OX 
Iagredt nt1 
rolllld 7 llov corn 
So be 1 
e t 
1 1' l f  l 
r1 d butt Uk 
le  lot pho h 
i hll al 
T llow gre 
lt ix 
Lia ton 
ftt in 4 ·  ( I .U . ) 
te 
Yil in ( I . O .l7 . )  
ibofl Tia 
uto t enJ.o Ci 
1ac1n 
Ohol11le 
1tam1a 12 
Yt ,uta ( I . . ) 
IO  U I 
_Lba • .  
r:;g5 _  
3 O 
20 
20 
20 
20 
20 
5 
5 
2 . 5 
1 800 r 1 . 
625 r lb . 
2 m • -oer lb . 
2 .  er lb . 
12  • . r lb . 
52 • er lb . 
� - 5  r 1 . 
, r lb • . 
fotal ., 8 . 0 
�he tollovin 
w ter ( or 
rt a • v r co uet for 2 · q . 1 thi n  ,hi • ertocl 
eorcl w re • \ 1 •orta.11 '7 , bod7 vei I ,  f e4 
t olutioa) oon • Uon . ch ■ornln the elution• not 
21 
- . 
• •  • 
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I 130 EXP JU TS 
Ii 
■I 
C D out d 
t w t r.  olut on 
t th t 0 
vi 
l . 2  d. t 
C iT lt 
two w t 
u w 1" 0 
1 1u  
to  
u V r nto 
w r 
th n w 1 . h 
o t  ont n . h 
1 i 
1 0 
in , l 0 
fro ecor,  1 1 .  
lt 
t ent ro 
r io 0 t 1 
22 
th h w 
nto t t 
cont ol c w r 
1 . 0 
wer 
17 ti 
i,ot nt . n 
0 t t .  fl 
h 
ro 1 . 2 to 
r e r th V 
th n 
olut 011 
1 of loo 
l iver U u . One-
TOl 
or l 
1 el . Th roe ur 
0 
ho le IT , 
V t h 
t 
C if C 
n l er 
th loo 
11• 
• 
•ol 
f r t • 
aot 
lf C of 
th n 1T 
tY • 
use w t 
I , 
re t 0 
r -
ter 
u -
r 
r 
etri c 
loo 
D 
' t 
0 awl.:! •• ,. .... \l.Nd 
.,, . .  
• 
f\lbdl did tato \h.ree ,.roa:pti recehtnc- 0.0 T1erc•n\, 
r hlolr:1 • • 
�•rceni ad.de t.al •olutlon•. The ch\ok• ta ,b••• u-p•r1.••n 1 1 
e ed the •• 
••k• tor tnu• uu1 11\ood ana •h- )haaol• 
• • .,. anli1••4 ro a 4\u an4 eHhm conte 
ea.mpl•. the a-..pl•• e e OTea d \ 4 Md •e e 
I 11n,ed a,;a a Tba ao .. , • fluolT•4 
• •• ro 1 ed al 
ene • 4 tv ' 
a d • b t 
1.11 CJ'M• pe 
llll ei&f,..a .. ud .n'1 
l_n vaier 111 • u 
fl•tk and fl•• allltllters ot \he ' I ••r• anal71ed • h aOdtu 
""4 p a1dva c . " T • ena.17• • u,. 11 d '01••·· vu •• 
coaul•x. •• •he• ot the wru"cle ••t .. •• he • b • 
-pla••• wet d.hso 'Hd h water • a ueir1o n.111:, ... ... 1 • 
IJ1lltllter• were ual71ed tor .ouu content. 
An ane.17• • .r Yartana.a ••• Clll ffll.lA t ed. OIi • ,. ' ' veipt 
... todi'WI ..... 1. and l' ta••lv.a •• • 'P ed • d •• ... 
• !lnod 95 
.... • e.rut Dhn.ad • 
I 1• �•r f ■ \he 4al• • llffl la T•1' • ,. ut ' ha 
•• t>ie �nCel\t at •• r ••l • • er 1.noreaeed. • • 'P• ... r 
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11or, 11 17 ine e • . !h tnci-e e tn ort li t b twe n the cont rol and 
o .4 re nt the 0 . 7 re Qt ' 1 .0 re nt , n4 1 . 2 :p roent 
ro were 1 1 :ft e t .  hi lndic t th .t th oint of tox1c1 t for 
, ,lt w t r for :r chi ck wa in th ercent d d lt . 
fh 1 .0 era nt nd 1 . 2  ere nt U l�veb were more toxi c than the 
0 . 7  re nt d ed lt 1 Tel . ble . IV ,  V ,  and VI in i e  t e  t \ d.uring 
the ti rei we k of  the ex erim nt mort 11 ty 1nere d wi th the • ·lt 
o t of  th mortali t7 t the 0 . 7  ereent lt le•el 
occurr d 1thin t fi r , two veek of the experiment• :  wh re • tor the 
1 . 0 ·rcent n4 1 . 2  rcent l t  lev l oet  o the mo rt l i t  occurred 
4.urin the fi r t ve k: o · 
IV . 
ALT 
Pen 
alt 1'o, 
o . o  t 
o .o  TI 
-� I 
o .4 VII 
0 . 7 I I I  
0 . 1 TIU 
1 . 0 IY 
1.0 IX 
l . 2  V 
1 . 2  X 
ch ex. eri ent . 
lnlUal 
o, 
27 
27 
27 
27 
27 
27 , 
27 
27 
27 
27 
0� Y ADDI IO OF V IOU 
A'l. • (UP! • I )  
U9a 
ortalilt 
2 11 . 1  
26 3. 7 
25 7 .4  
26 . 1 
23 14 . 8  
18 33 . J 
5 81 . 5  
85 . 2  
2 92 .6 
100 . 0  
i: 
• 
•· 
eoncent raU on . 
.. 'II 
l} 
l'I 
• 
.. ■ 
• 
ii 
Ii 
Ii
I 
ORT JJ.I!.'Y OF om C s I 
S (Na01 ) LEVELS TO T 
I 
1 
- 7· -
• - ii 
'lermlna 
lfo 
.. ., 
• 
Ii 
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.A.Bl, V .  0 ALI!Y 0 fDl IO 0 IO. 
SALT ( aOl) . ( PT I I )  
n l'er■1aat 1on 
lt o. o .  
o .o I l 31 3 . 1 
o .o  VI 32 29 9 .4 
o .  n 32 30 6 . 2 
o . 4 vu 31 29 6 •. 5 
0 . 7  I l l  2 17 6 . 9 
0 . 1  YI U 32 26 18. 7 
1 . 0 IV 32. 3 90 . 6  
1 . 0  J.2 75 .0 
1. 2 y 33 0 100. 0 
1 . 2  32 2 93 . 7  
LE VI . !Bi l OB OJ' ADDED SALT I D I  II G TJ: · OB TD 
01 OR ALU' ( . I ) -
Grou- Initial 0 al o�ialll7 .� lfo, 1,, !k. 4th )!k orta1111 ! 
o .o  4 0 0 0 4 7 .  
o .4 � 3 0 0 0 3 5. 5 
0 .1  54 7 0 1 1 · 24 .o 
1. 0  4 29 9 6 1 14.5 83 . 3 
l .  � 42 g . 2 0 52 96 . J  
ii •  
B 
,. 
' 
� 
ortaltt7 
er 
� 
o . o  
o .4 
. 1  
1. 0 
1 .  
' - vu . 'l' 
tn  U 1 
W1t>. 
6 
6 
64 
6 
0 0 
4 0 0 
12 ' 1 
6 15 1 
14 2 
he r ,t t vh. eh mort 11 t., • '1 to 
ch ck _ to b th r te 
1n olution ,  hl iTi l tol rane • an 
-o chtc to toler t y r1ou lt 1 
we1. ht 1 ort it t the . 7  rce 
e nt  1 ,  l Tel 
A re ue on t� the r te o · owth • 
w n ex ri en t t • 1 re t , 
C t 1, 
2 
IO 
ot t 11 t7 
t 11\J * 
0 4 6 . 2 
0 4 6.4 
2 l 2.  
1 53 12. 
l 63 96 . 9  
lt tox1ei ' occurr in 
of  con \' on of th .lt 
111  . be a 1 11t7 Gf 
w h- n for 
t ,  l.O re t ,  a 1. r-
••1 t the econd 
1. er _ . . 1 .  r-
hlCl" 
fl n io ot IX . t th ,h8 ex-
r tb , .  1. 0 r at , n 1 . 2 eree11t l\ 
1 • eff ct the ' f owt . 
' of ch r 1 
' o .  
• • 1 ere t ,  1.0 re t, D 1 • ' OU'O • •o 
'I! 
Ii< ' 
I 
veimt 11 t 
t i ff rence 
.a, 
ii 
till :I 
r 
.. 
,iii 
I 
I I 
• 
•· 
1il!T9'.ll.il I 
I 
_, 
■ 
., 
T OB 
' f 
ii. • 
'W 
e ini t i al 
'l"el7 d■l l r 
ou and 
·n 
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41 ••rgent a.a th eri ent ro re ed. . 'The cle ree o f  rowtb r t rd.aUoa 
1 •  directly ro or\1 on 1 to th  ai i ooacentr tion. 
Gro 
� 
o . o  
o . 4 
0 . 1 
1 . 0  
1 . 2 
o .o  
o . 4 
0 . 1  
1 . 0  
1 . 2  
!AB TI I I .  ! 
hot 1� 
l 
1 
I 
I 
I 
I I  
I I  
I I  
l I  
n 
•!he e d t ·  · e \he .rY r .  
Ol O ADD . SALT L V S O GRO 
Ini t1 l 
§. I! 
38 . l  125 . 5  
37 . 9  125 . 5  
37 . 1 119 . 5  
37 .5 91 . 5  
37 . 6  67 .0  
30. 2 90. 5  
30. 9  95 .7 
30 .1  97  ..• 3 
30.0 67 . 8  
30 . :,  59 . 9  
weight of chi ck in du: li e 
4t_h w11k 
a 
282. 9 
272 �5  
256 . 1 
139 . 8  
60 . 5 
229. 2 
247 .4 
216 . 7  
117. 5 
92 . 5  
t • •  
eria nt 1 incl • 270 chick , 4 kperimea, I I  _include• J20 ohi cke . 
• 
' . -
• '.PH J'LU CE OF A.DlmD SAL2 L · L - J SOWflQ ON fHI 
!00! · CO S TIO O 01 ( .G) • 
g 01 Mg 01 
· eed Intake 1 ol . tntak6 lotal 
ro per . fro 91' t·rota Cl er 
: t, . hp, . Gm Galp J e4• Ge G· in  $olut1onf . Gm �atn 
o .o I 2 .4 1 8.0 5 . 2  0 18.0 
q .4 I 2 . J 17.2 7.1 28 . 6. 45 .g 
0. 7 1 2. 1 16 . 1  10 .0 70 . 3 86 . 5 
1 .0 I 3 . 3  25 . 1  20.5 205 . 0 230.1 
1. 2 I I oe·u te D ,t 
o. o I I  2 .4 lS . O  5 .0 0 18 .0 . 
o.4 I I  1.8 12.6 8. 1 32 .4 44 .s 
o .  1 It 2.0  15.0 12 . _3 86 . 1  101 .. 1 
1.0 . n 1 . 7 lJ.l · 19 . 3 i, . o  206.1 
1. 2 II 2 .7 20.6 20 . 8  249 .0  269 ., 
•The at8Jldard r tion 
ta1a som f18h e 1 .  
0 . 75 nsrc n\ eal\. 
• 0 . 5  perceitt dded • l '\ ;  &lao the r U,oa co1;1:• 
I e oalcul tion• �re 
Noktn t w ter. 
'lb Int n 1 1 · 
fsctor • the rat ion cont in bout 
a9d on th U\lfl Uon th t there i.• no: • U 111 
aouneed th · u ert ent ro re ••d aa th alt eoao n\ra�J_ona ta-
crea ed . o • r . t':f'ect, were not d t the o .4 reeat · d alt 
1 �-1 . "' r e eff ote of lh alt toxicit7 were ..-1aen.t \ the O .  7 
percent d <1 · 1,  lnel nu, were no\ • ronoue 
lnel of ,alt. 
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!ABLE IX I 
· • 
,II 
. .. . 
,&· awnb.g ,itll 
. , . 
• 
' I 
) the �UII er of  the a711dromea ece.me o re ro-
- . • 
ii Iii • 
!I! fl ii 
.. • rt' 
.. vi th the higher 
2.g 
Th O· t eever eff· ct• wer not-ed at th 1.0 ercent nd 1. 2 per• 
C n t  a.dd d 
toxlei\7 ver 
lt ley;el . The int n ty and the rapidity of th on et of 
ro ortioa l to th added lt l Tel . How v r ,  o e eh1ck 
w r able to UM'iYe •• n the highe t 1 vel of . alt given .. 
9fh IJ'lldro e or non 1t1on, whieh wer o eerTe at the various 
dd d lt 1 1 , and at th T riou a e are follow, z 
1.0 ere nt 1.2 re nt added Aalt levels : 
1 . D ere • d owth. 
2. illing f ed and w ter . 
3 . Con tent chi in and h .dling U11der h atin · elem nt. 
0 . 7 
�. dueed ct! vi \y end oqolence. 
5. Poor :t'eatherin ( growth and eneral condi UonL 
6 .  Labor 4 breathin g and mueou dbchar e fro• mouth. 
1 . "ou ct ion . 
8. 
9. D hydr ti.on. 
10. Sot, d 111uebT .  
1 1. tend d win d dro 1n head . 
1 2. Wate17 fee , .  
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